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(54) CONTROL DEVICE OF LEG TYPE MOVING ROBOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately control the 
actual floor reaction by detecting the actual floor reaction to 
calculate the moment around the center point, determining 
the amount of rotation to correct the target position and/ or 
posture so that the position and/or posture of the leg part is 
rotated, and to displace the joint of a robot. 
SOLUTION: A two-foot walking robot 1 is provided with a 
joint on a leg part link 2. A six-axis force sensor 44 is 
mounted on a foot joint, the three- direction components of 
the force and the moment are measured, and presence/ 
absence of landing of a foot part and the floor reaction are 
detected. An inclination sensor 60 is installed on an upper 
body 24 to detect the inclination and the angular velocity. A 
rotary encoder to detect an amount of the rotation is 
provided on an electric motor for a joint. First and second 
arithmetic units are provided in a control unit 26, and the first 
arithmetic unit calculates the angular displacement command 
of the joint, and feeds it to a RAM. The second arithmetic 
unit reads the measured value to detect the command from 
the RAM, calculates the control value, and outputs it to the electric motor. The floor reaction can be 
appropriately controlled without generating the interference. 
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[0067] c c-c. c©BJSfflS^*iJ;o'^ffit?^ffl-r ^ 

ilT8 - 2 1 4 2 6 1 #) -CfiefflL/fcSStcSe^ ) . 
[0068] r^SJ ». ciJKf hx^«:tews-«e«j 

^♦^■(^^^^©^rfif^-r^SB^-c^ffl-rSo fiL. mxti 

[0069] SWC», ilL#-^?roW^. ^nWCC^^ 
ffl-r'5^S;>34llnJS¥)*ig:^t(<>'5 (n : 1 S/ciJ 
2. tiTPID) . ^l«l(CfPffl-r^^RJg:^?r^^bfc4>© 

<i:P?«n-S*5, S¥)^)S^tE»iJ-r5fc«?>«:{:c-c« 

[0070] S¥^JS:^»f^ffl,'^,«!:-€-C{C*>*i*^Ji:^3 

©*-y > htCctor^Jlsn, I5i— ©jE^j*S:^{c>tt 
or. ^^©ffl;?f^*:>-t±t*^®iiO«>S, ^©cf(c«. 

fflj^.*«)*ffl±«:*s^ge*»#iSE-r-5. c:©*3i(c*$wa 

*s«IJMffiieL-fcf^-r^!Rfgg¥6 -7 96 5 7^-c» 
[007 1 ] iBlliK. ^)5RJ^«{'Pffl*i^CK*^*^S 

:^t:^©*-^>h«:j;-:,-c^^3n. 151— ©:^)5RS:^ 
». lfiii:«lSt>0©fiS^«rl^<*->'>hfiS^*sot?*^ 

[0072] ^«JS:^©@«fii*a^ife^ic)K:^«!:i,>^. 



I 
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t0 07 3]i^. H^ibicMtitcJ^^ic, S^ZMP (Ze 
TO Moment Ftoint ) it'^XOJu'iiC^Stli, EPt. S 

iSii:flIlSt>0©fiS^*l^*0-C*5!&6.«. 
-?-CD,>^,?r@;SZMP (Zero Monent Point) @^ 

Wfc^«)6n-5). wTcDgi^-cij. mmo^t<r^tc 

*{c. SSZMPil>^#ll?:fflt>S«^«>*-2>*s. «l lO 

[0074] &s.w-m^<Dswim^mm^&w-0mti 

[0076] -g-©re«i,'S?:5tCD04 0 (C^-Ti^-CUiB^ 

mi. c©*-y> h*otcLJ:^<i:miSlr*04 3 3o 
[0 07 7] i^tp-hfiifih. ffilroiiiiijcior. |gi 

[0 07 8]fieor, S»='>:7'^-CT>X$IJ'(aiK:J;^ 
lfn>:/-7-^T>;^SiJW*!&C»l«^ilaI«Kfl!i*»#-5 

<t . msi±mLt}^^^^. < ss z M p ) * to f) ©h^bk 

Jg;^;*-y>h*S0 3!P6-rn/c»3; T^KJ:2,liSii^ie 

[0 07 9] ■g■n=&|!^f±•rs:^scDc^<!:oior. ww 

3 > T > x^iJtai i Sir:' > 7*5' -f r > ;^$iiiai©pa 
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[0 08 0] a4 3«:s^-rt^-c». 

[0 08 1 ] «±©J;'5'«:. Slr3>:''^'<'T>x$iJ® 

Sl>IElStt?t9)-:>/c«)<b^fb-r*<^-?»^*a*){C 
[0082] Strj-r. Ill&©ff5,«(cii^«>i^scctec»r 

[0 08 3] S/t. •enK:j:-^r:^fl«j^c^«a«3-?>ffl*4 

[ 0 0 8 4 ] 04», C<D^SS©Jf$M(C^^SW^^t!lP 

4? hmm^m (Storms (Dm I (Dmnmss o 

[008 5] C©J^S»0^*fiSS?:<i^. ^^^S 

'^Diii. mm±m^ti^'CM^. (SSZMP) HiilteJ: 
c © J: -5 cc . a «^^J5;>j 4J'C^.#,«lM4$^^ (fl^-T S 

[008 6] c(omMmm(iCis\.>-c^^^}im^mt) 
'C\*». B«zMP(c-ic-r2>. 

[0 08 7 ] asCcaiK-;. h l^iW-i&i^nt^t^<D 

l^a. ^@^^©l$ijiW5feK:SlgU/c!HflR¥8 - 2 1 4 

[0 08 8] 04©UiH^K:R^<t. C©$|g{*a^jR 
'C\-=?. (SeZMP) iSSS¥(4S-«^?ri:^JA:^i 



15 



10 



h 0 .isec-C* -5 tt t' ) Aj: t'©tt« 4).i:>S{Clc: DTK •) ii 
C0 0 8 9] g|5{Cm-rJ:^&i^^{C*H/-C. B^iS 

^fr 2 ) MW^t^JW-cia:. es^ 1 S¥j*JS;^iti'i:^jii« 
i fc , still 2 ja¥)*JS^ tf'Cv* 3J 3 * 

^ 5 ) M-i«i5:^JW©ra(c . g m 2 &w-f^^ cf .c\*, * 

smm2 &w-mKti = mm±m^ * ( mmm i s^gRS:'?*'!:^* i e« z m 
p©Kit) / (a^»l£¥J5RJS:^3*'C^*ts«m2s^fl^JS^'^''C^<±•©iSiil) 
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[0090] Ciae>^fl=«:?iSIS-riBM^ 1 S-^mS-ti 

I^a. C©0-C«Slr (MfiSl 8. 20R(L))*»P>S 
¥2 2R (L) 'N©ffiiKig:i^-fi*Jl,*iO. laiJCTnT 
J;^(cS¥fi*|fiI*Xtt©iE©lfiI#. a¥:&*lfil?:Y$4 

[009 1 ] smms.t)^mmt. see. #isfiw-c»* 
[0092] ;xic*ffli^-r±ia©j: ^ tciassn/cB^ 

[0093] 



[ 0 0 9 4 ] c©<fc ^ K:^*/tS^S¥mjS;t;«iti^ 

^ffB (i^P3¥6 - 7 9 6 5 7#) fCSB^^nrtiS. 

[0 09 5 ] 04©ift^{cRst> c<Dmmimmi^ 
(D-k^vmm.icm'^fi.^nat^y h©t^si?:«isb. mm. 30 

I HiBS t r (, ^ ^ i ^ Aj: i'CC»f^air -S^(4 n > h D - 
[0 09 6 ] tiyii-j h©^^^:g»iWtC^^^b$ti-^/c 

c©^^JJ^e^^c:^<!:*-^>^?r^i«^^R 40 

[ 0 0 9 7 ] 1^, W^i^Sba^-y h©g«*^*5^JS:^ 
iaJ1-©JS;'34iRt^*^6SW'S«fc^«:ffli5£L. ^n^t^lx. 

«. mmMm<&imjjtwv. 5fe{c^'</<:g«zMP©s 

«€r:-X©J:^K:J!;5SL.-c*>mi^. BP-^, g«aiti>'>'i'- 
>{c J; ri%^-r -SWIfc^j ifi:^ i a«^*fi!^JS;'3©^ 
:^*S&;'3^fl«j«:3j<ie>. '€-nj»55R®±©*5jSicfpfflf * 
■=&-y>hA5, i8ii:tt**5<9©fiK^5:^L>r^-C$>€.^c 

e>«. ^©*^55cJf>-caszMPi-r ■s<fc^tcLr«)M so 



[0 09 8] feu, D*r-:> M*i^^0i|ft-e$)-^r. ^ 
fiia > h a - ^ (c J: o rUMte^a^: @SM«p^fii(c^ 

^^3 2 *J<fc C^'SSS^tt^* 3 4 ©/cfc^?f(C cfc o -C^ C S 

[ 0 0 9 9 ] ^- F 1 ) g^^J*jS:^»«'C^^ (B«ZM 

P) ^'P'C-^tl^tcWi^mtiio'OM^ii (BU-fe. fe&M^) 

K2) g«±]35J5;'34''ilv-iS (1«ZMP) 
U/t^«l$*>»)leIlg (BPfe. 

*-K5) ^mm9mti 

K6) ±TW^Ift8in 
[0 100] C©F«9r, *-K4<i:*-K5». S^© 
3 2 *$ J:CX?*14f* 3 4 3&sSif^^^E76:^l^iI©•^^^»r 
:^3*Swr/ct>tfC<!:Kcfcor^^-r€>fe©t?*?.. 
i3iWM3 2 *iJ:0'S«?i14<*3 4 «l9»r:/3l^©RI(lt4*ia5 
tij;^>cci?f'p^.2)©-c. c©}gn»S»rii>/j:< . ^tf 

[0 1 0 1 ] ^f) 4ea)g©(^. ^:-K3i*-F6» 
c©|%W{CiSft©M)i*WL/J&:c>©r. C©|ISfe©?g^. 
fcJ:CXf^a-r-6l»2©IIJS©JK^-C»*- H 1 t^:- K 

F 2 ccM-r c njii^c t » <«: a t ^ i ©ia^a jK 
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[ 0 1 0 2 ] K 1 ^mmt^tcii)(Dmi'f&it. mm 

[0 1 0 3 ] 1^5. jyp^{*^X©S«KS£^. EHfe. 

M*idx = - Kthx0errx - Kwx (d^errx 
Mdhidy = - Kthy0 erry - Kwy (d0 erry 

CCr. Kthx. Kthy. K wx*jJ:Cf Kwy». 

[0 1 0 5 J f^ai^^it^=>>7-7-rT>xstif^«(iSSiJ 
«> B«^mJS:tJ<tfflfll:^J*S:^©^:^K:ll^)*jg^% 20 
— ?Sc3-ej;'5<i:«!i<„ 

[ 0 1 0 6 } 0 4 (DS^micm^ t . c©iig»*§s¥ 

ttlL/. ^nfc<J:-^r6«i:^j-fe>if4 4©«iafii^a«^ 
[0107] c©Slg»PsJ<-^ hSfe<5I=^*7=;u 

fcWSaiK y h l©<fc'5& ip$>)tf3©Mi5@iS*i6 

[0108] c<Dmm<mm:Qktm^^-77-< 
©se%as^fl«j{c**Tte*. «(c±i*(ig • ^<ks^ 

• ^^iiiM) ^A:^ju. -ene^^e 1 2m<DmB 

(1 OR (L) ^ct') ©Wgp^fifg^ (ffl) ^»mT 

[0 109] C©^H«^fit:3> (tuieC'/cIS 
2©^SL$gS8 2tc|slG) ^fii;l. ^(in^hu-^ 

H © 1 2 ll©Mffi©^{a«riI6£*iHai-r 50 
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0©ffi<a^)5K)S:^*-^> l-Mdmd) iC*^. S5(C 

±:&rS]* z liK: i 0 . m S¥©SlriaT©)*ffi±© * 

'0. as, :^*$J:yf-=e-y> Hic©ffifflmt?g^$n 
S*>©<i:-ri. Mdmd©XfiK^»*Mdmdx> 
Y^^J-^Mdmdy, ZfiS^J'^rMd m d z itaili-rs. 
±(*2 4©<^4fiM (BP^. *±«:fflM- @«±l*ffl 

0err ©X^^5:0errx, Y«!S^*J&0 erry. Ctlh 
©B$raift^ffl?:(d0errx / dt). (dSerry / dt)<!:g2j^ 

[0104] Mdmd x*}J;0'Mdindy». m^\i-X 

sc©^Ji3iii<Jcc J: o-c^issns. 

/ dt) 
/ dt) 

• • •JC2 

[0 1 10] c©s^g«B«ia«^3>:7*^ -fT >;^»flf 

© 2 -P©S*4»S$ -tt J: ^5 i . a«S¥{ig • 

[ 0 1 1 n 1 ) a;^' h ©{ig • -^mumofc^ 

mj (*-^>hMdmd) t g«±)*S;^J©^^J(Cii 

h©^«#/cw=&$ijspbfc(,»»^cc 

g«^)^S:'34i'Cv* S *> 0 ©ll^)*Jg;^3*¥:&rSi* 

[0112] S*2) SJET©8^Hfett^5t«t-S/ci* 

[0 1 1 3] lijgT-st. as»ii^)*js;'34*i« 

[0 114] iie^rmrffiiL-rai 0 7P- • ^^-r-h 

(«jS{b7ci- • g^f-h) ^#MO-cc©S?s©«i<'P 
g©#iss5^*^-r. 

[0115] $fers 1 o{cfct,»ri^=&»j}W{bo. s 1 

2 ?r^-c s 1 4 (C]t.j^, 9 ^-7m'o^^^n^-ri>, f 

-f-^iflOii^ttS Oms crttCiiiStx. BP%. fiJiaJ^SB 

[0 116] m\.>xs 1 6K:jl^■c*if©w»)#*>o 

n'2.<!:^«S2 2(CjitJi*{C. ^3n<S«!:*»S 1 
8«:jiA-cd»-^vt*-r^'>i'-7-rxu. S20«:^t^ 
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[0117] m^x s 2 2 {citi^. mm^noymf^m^ 

(SO. cc-c r^^j »x. Y. z^atcteits rifeifrj 

[0118] s 2 4 ^cji^rgss£¥mJK^^* 

[0119] i^C»T S 2 6 {Cjt^•C^«{SJE¥)5RjS^4 

[0120] ^c^r S 2 8 iCMiff. msS.Ltcm^-b>V 
6 0i&i'CDHi;<3*'6±»2 4<D«*4&i'P'J<f h l®t^ 

[0 1 2 1 ] ^l»TS3 0(Cjii5f. P;J<-y h l©t»t^J& 

mdx. Mdmd y?:5l<J?)€>. ft<*e^«CK. ±<*<1#.4*^ 
SeoTli«:fe)*JS^^-^>hMdmdx. Mdmdy 

[0122] s 3 2 {cii^rj|^£¥)3cjg:^*^ 

[0123] m^^X S 3 4 tCji;?^, HWfflfRft 9 d b v 
isJ:ZJf^S.m§mnenx (y) ^rtJi^rS. Ctili, 

[0 124] ^©ts^=i>y^-rr>x«}f'^^g|5©('f 

*Jt>t:01 lK:^-r<fc5{C^lS¥2 2R (L) <«:|^2 

s^2 2L (R) icm^&w-mRt)ifi^mLxi,>i>im 

[0125] C CX^i^ h ^l/F n a c t »l|nSVJ35ig 
:*J©;'3fiS^*«-r. '^i' h;l/Mn a c t{*l|nS¥)5RJS 
^©*-j<> hfiS^^^-r, ^i' h;UMn a c t©|iij* 

[0126] c©»r^©es^«J5:^»> 0 1 2 ic^f 

•^i' h;l/Ms urn r e f »Si[t?*S (SSScJ:«3. @ 

« z M p g^t^s;*?^ - ^ > h ©*¥:&i^(!R^*s 0 
[0127] cn=&^ 1 (cti£o-ca^SJS¥)^]S;':cc^5- 
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hJl/F n r e f »BSIInJ£^)5KS:^©^)fi£^?:^ 
•r. -^i? h;UMn r e f «g«IBnJS¥)*iS:'3©*-^ 
yyi&^'&^-t, h^UMn r e f ©l^*©^31». 
Mn a c t i[5llir'*-5>, 

[0128] Si?g©fc«), ±<*^^3!)iM^?.4C@in^^ 

[0129] B!ia!©^^^S^b*iJMS@SI5-C{i. a4< y 
h 1 ©±f*ffll4(lM*lta<il0 e r r X. 0 e r r y(c» 
-3t,i-CffiM^fRiS;'3*-^>hMdmd4#ai-rS. c 

U^cl^©-C. 1iiS^)5i5S:>7*-y>FMdmd©f8ii:l4 

fiS^>»o-c*e. ±ftfii[g©®n«>$ii®i/^ct,»©-c, ffl 
«^)5KS:^*-^>h©;^RK^4>o-cfe€.. c©imK: 

*flC&-r-5ffl«^«S:^*-^> hMdmd=&01 4{C^ 

To 

[0130] ^^4a7cS-ti--5/cJ?>tc«. s^^j^S:;'? 

*'C.^*0«ZMP) *to»5©JI^Jg;t»*-^>h© 
*¥^5>?r. @«^^Jg;^*-^>hMs umr e f <!: 
> h M d m d ©«J©^K^fiS^(ciiSt 

[0131] a^^^s:^^*'!:^* (a«zMP) 

r{*@ffi^^SS:^*-^> hMs umr e f ©*¥:^[^ 
f!S:^«0-C&-5. Se-^T. HMM£a©^^«#?:S7c3 

is-€)fcjf>{c». aMZMP^tjooii^JS**-^^ 

h ©*¥fiR^* . M d m d ©*¥*S^{Ciifie3 ti-tlim 
[0132] C©||]te©fJ<S{CS)ot:»1tr&=i>:?"^'f 

cfc ^>«:s¥-©[4a: • ^i5?r<giE-r^= 
S3j?i) n-i^-;- h©^^l4?:SS<b*i]iaiTS/ce6(c. 
S«{^J*jS:^3ti'C»j^. <@«5ZMP) *to»3©*±8^:^ 
^-^> h©*^:^iS] (X. Y«i:^rfi]) 

- ^ > h M d m d ©*^:;^|6j^:»fCiiS! 5 If 
S3}?2) SS¥©Sai45r5i«-rS/-ce*(C. X^^i)^^ 

>>h©ite*tfii*/h3<T5. 
[0133] (a m^<om^ . mmi) tm^2 ) 

<xittj:i^tj:{,>, 

[0134] JS^pofita • ^©<SiE«. C©SISg©}f5 
.^•C«^X©<fc'5Wf '5. 

1 ) mmm i a^^stf^j'Cv* q 1 1 smm 2 s^^s 

:^tti,C\'±' Q 2 *io7K¥BD iSiti^cTa©^-^ 

[0135] 2 ) at! » 1 JS¥«JS:^*'i:\*Q 1 ©)^« 
B«^J«jg:^f'C»* (a«ZMP) *@IS«t»'Wcffi 

W)-r-&. i»aiii/irdg©**Q 1 ' i-r^. mmK.. as 
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m 2 £¥]*s^*'C>fiS Q 2 ©1^^?:. mm±m^t)^'t^ 
[01361 coiaisfte d b viimmm&.nti^^'}. 

*&**iQ 1 , i|^**iQ 1 • ©'^i' h;l'*'<i' h^UQ 1 Q 
h;UQ2Q2' <»;T€>. 0 1 6 (CQ 1' iQ 

[0137] 3 ) mmm i mmt^^-nc^i^ 
hji-Q 1 Q r m-im'mn (c5«±Ti^tt) sti-^.. 

iBlilCC. @S^2S¥*. ^^«^^^{c-^5'h;UQ2 
Q2' ft:WWi^Sft3H±S. ^«lfa©gS#S¥*0 1 

6 {c*^-c*-r, 

[ 0 1 3 8 ] 4 ) ^X(C, 1 JE^?:Q 1 ' ^*^C^ 

IfilW (Yl*) StoOKil^gfte 1 y/cl:t|5I|g3#S, 1^ 

«I(C. B#||2S¥*a«»2S^4Q2' 4^It>.C^^CHf[ 

f^:€rifi]fiii (xit) **3*3(c|5|iKft0 2 3{> :£«^i^iJliii 

(YW) St)O{cl5il£ft0 2y7£t-flelS53ttS. HlSft 
YliB«ft<hl»'5. |5Ifef^©e^S£¥^:0 1 7{C*«|-C 
[0139] «±©*il«S6fP«*sji:*:-CAj:wntf> 

{cJ:b6»IL-C§S^{Cil«3nfc«*a««S3 2 4'Sl^tt 

3 4 Aj: i*s^ff$ L . ^Jfitc rS G /cJISS^mS;^)*^ 

^■r^ll*JK'3©^fl:S<i:©ra©Ml^«> WTtCTf^TA 
[ 0 1 4 0 ] #f4l ) MWIi«fte d b v/cW^rfilfFt 

^J5RS:^©:>3f!SEWitJjnU. ±*iofcS¥©SIS^mS 

;'3©:'3ti£^*^iiSii>-r^, c©<h#. ^iEg^SS^ms: 

[ 0 1 4 1 ] #142 ) mnS¥Xffl«ft/cW%glf'PL-C 
4''Cv'±iCCf^ffl-r^.||0nJ£¥J*ig;^©*-^ > h©XRg 

[ 0 1 4 2 ] #143 ) mmmmn e d b v > sjs^pxffl 

fllft*JJ:0'SS¥Yfflmft?:l5ll^{cMW'PrSi. ^JS 

¥ja5js^©^ibfi». -en^'n'fc^Kjaii^ Lfc i if © 

^1bs©facc^c^, 

[ 0 1 4 3 ] #tt 1 *5j;yf#t42 «. c4T;e.©ai1^«:i* 
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sLmmi>Ctin<l'. #tt3«cn€>©»fPK:i^Jt4 
[0 1 4 4 ] S 1 8»S^3>7'7-^T>;^atlfP^3P 

©?ssij«ia?:^-r:7'a-yi'S-c*»). i5ia*#fiSL/rc 

©fP^^UiD^-r-B. 

[0 145] SSi-rSi!:. ffiS^^RS:^*-^ > h^J-lB 

(Y) 1i«ftiJ^^gi5tc*jt»rSjiffi©ffiltft0 d b vfcj: 
CKQ nx (y) ^^STS, 

[0146] ;^(C. 9iS3n/c&«lf«ft(c»^U-C«$ 

¥1jiS • ^^^WgP». g|§SJ£¥)35S:t)fcJ:orf6^ 
tl5«*a«fll3 2 ■?>SJi3»14ft:3 4 ©^ff^S^ 

[0147] \^jrmmrfZt. ti(R^ms:*3^-^> f- 

«^r-^>hMdmddb. SS¥ffi(R*-^> hMd 
mdlx, y. Mdmd2x, yiC^i2-r^. MttlMfil 
^r-^>hMdmddb». SJWIBIRft (JS¥±Tfi) 

0 d b V ^sif'p-r -5. c i {c i o r 

(aSZMP) ^*3f)Cc&£¥)*JS*©;'3fi£^5-*sfP2>* 
-y>h©asfiit?*?), 

[0148] iaSWffi«*-^> hMdmd d b©V:;3[6) 
$*5»)©JS^?:Mdmdd b v<bieai-r€.= 1^0. V 

juv -c T>x8tif^9i5eg|J©iJi?g-e^^L 

/c'<i' h^u-c**. vtcK^t. i8it:&isi(cfeia^-r5 

-ci' h;V*U<t-r?.i. MWttffi*-^^ HVldmd d 
b©U:^|SlRS^Mdmdd b uliOtcSi^Sn^. 
1«iaft0dbv*fiSlflFl/-C«>, )5KS^©U:^I«a*-^> 

[0149] c(Dmm<DBmr:\mm.±^Jxti^-^ > 

hMdmd©ISilL:^|a])?X^*iOife©'C\ Mdmddb© 

ise;:^i^^^M d m d d b z 0 (ctg^es ns. 

[0 1 5 0 ] l^lS¥ffl«*->>hMdmd 1 W. m 

lllS^ffi«*->> hMdrnd lOXJjX^ 
?rMdmd 1 x. YfiS^^Mdind 1 ytMi&-r?>. W 
2SWi{a-t-^> hMdmd 2«. Ig2£¥ffl«fte» 

2x. e2y>s:m'^-ricticj:-:>xmmm2&^ms. 

;'3'f''C\*$t)0tc^*3-ti;tc^*-y > h-c*^, 1^2 
J£¥1i(R*--^ > h M d m d 2 ©X)?S^4M d m d 2 
X. Yfi£^*Mdmd2y4iBa-rS. 
[0151] ^ie«. m«'X©J:^tc?f^. 
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Mcinddbv = 



a3) 



Wdbx • Mdndx + Wdby * Mchidy 
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3C3 



Mchidlx = Wlx 

M*idly = Wly 

MchcDx - W2x 

MchicBy = W2v 



(Mdmdx - Wint • W * Mdnddbv) 

(Mindv - Wint * Vy * Mchidcbv) 

(Mclndx - Wint * Vx * Mctnddbv) 

(Mchidy - Wint * vy * Mchiddbv) 



^4 



[0152] CCX\ Wdbx. Wdby, Wlx. W 
I y. W2 X. W2 y*jj;iyw i n t it^^mMiff-^^ 

Vx«'<4'h;l/V©XR!i^<Dfii. Wylt-^fl-Jl 10 
V<DYf&^<Dm-C$>^o C<D4i-C. Wi n t«, MWffl 

[0153] ^3tj&4<Dmm!iB:m=^n^mm.±ms.ti 

[0154] ^tf^©^iBfflfi*^Wd b X. Wd b 

y. Wlx. Wly. W2x. W2 yfcJtCXWi n t<D 

[0155] 1 ) mmmmnt&Si^mmm^^ 
[0156] a.«j^.2 ) mmmmnis-kvf^^w-mm * 

Mctaddbv^x + Mdndlx + Mdmd2x = Mctadx 



[0157] C©^, it3zB#-?>^tTB#^J:i"t^2a{CIc>Dr 

i'<D <fc 5 tC . WWffl^*- ^ > h © V:^|Sjfig^3-M d m d 

dbv, §S¥?i(R-t"^> hMdmd 1 , Mdmd2 

[0158] c(omLvamm±ms.t)fp'Ci>!^. (@«z 
xti)f^j?isa}(c*f-r.2>s*i*«s-r^fci*«c. ) ^5 

[0 15 9] 



s;5 



lufchiddbv*Vy + Mdndly + MdRid2y = Mdndy 

[0 16 0] cn(cs;3« ^4^RA-r^t. ^Btit^mo^iic. ^6«^8(c^^sn4, 

(Wdbx » Mctadx + Wca>y * Mdmdy)«Vx + Wlx • (Mctadx - Wint * W * (Wcbx * 
Mdndx + Wcby • Mchidy)) + W2x * (Mchidx - Wint * Vx * QHdbx " Mdhidx + 
Wdby » Mdmdy))= Mchidx 

• • - Si? 

. CMbx * Mctadx + Wdby * Mdmdy)*W + Wly » (Mdmdy - Wint » vy » 0«dbx » 
Mchidx + Wdby * Mchidy)) + W2y * (Mchidy - Wint * Vy * (VWbx « Mdhidx + 
Wdby * Mdmdy)) = Mdmdy 

• • -3:8 

[0 1 6 1 ] Mdmd xiMdmd y3!)iffi;^©fii^g?o ★iClO, fe<tyfiCl 1 *PI^5cS8Ja-rn«MC». 



Wint = 1 
Wlx + W2x =1 

Wly + W2y =1 

fin%. «±©i*jJiri3:SC9. SCl 0*jJ;O'SC1 l^igB$ 

[0162] ^tf B#-C«M d m d d b v?:a^JCL/t:M 

0 d b vimilFLXS.W-<DfiLS=i:V^iEVX<b. 
SI^)*)S:^J*- y > h ©^^S*iM d m d d b V {CS!'< 
r:T^S-r.5>iS^*i*^, 0l|x.tf0 2 1 ©<!: ^ {cMW3?f^ 



50 



• • • s;i 0 
• • -^11 

Oft ir^t^iSL-eii. e dhvic^-oxmi S¥-©fiig*T 

[0 1 6 3 ] |nl«{C< Mdmd 2 0-^1^2 S^p 

l«taft0 2?:Slf'PL-C^2S¥©ftlS*<i*iEO-C4>. * 
J5RJ5:*J*- ^ > h ommm^M d m d 2 (C«J-«r :f ST 



(14) 
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CO l64]Ur>X. ^6*-«IJS-rSJ:5K:S« 

[0165] *fffl#©^ieffltt*^!l^SS««lr*^^2 
Or». Wi n t J&OCCSS-r-SCiKlJro-C. 02 1 
<D<^iJil©<fc5«C. MI«I«Htft0dbv €:gH^L/-C^>^^* 

[0 1 6 6) Sf^e^&CitC. £32 l©J:^K:affl-rS 

> > h 3 -tf -S c i *5-c # 5 J: ^ 

[0167] f^iaLrti/Sl^i^{c«MWffl«ft 
0 d b v*Jftf'p-r«>C:<i:(CJ;eil^]K:^*-^>h*J 

m2&w^mmA^mv^vxi>m±m^ti't-ji> \-\m 
[ 0 1 6 8 ] 0$ D . mmmm.nd d b V3!iiw«!)fcfi6< 

KtiWitR^jasS:^*- ^ > h M d m d (C^ L < & 

6. 

[0169] t^iSItc J: orw. WJWiffl«fttJJ;o'S£¥ 
> h ©ifiS*sti<l^^Jg:^)^- j<>hMdmdJ:«3*>:^ 
[0170] L3!>iL/, COti^rfe. Mdmd*iC©|| 

[0171] am-ii3 ) jt)lll3£^)W-C«> 

055-ieffl«^^^-C*^Wd b X. Wdby©^*tfil5: 

[0172] a^,rt> 4 ) j£^©stai4^ffiiffi-r^fcj?) 
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[0173] a,«.*5) iilJfilJifift^l^f^-r^CitCj; 

[0174] mut. nmWi^n e d b v ^rgic^-r ^. c 
10 v:^rSi-c*f3. v:/3[Sj«:ji:5^-ra^^?:^*3-ti-^c:<!: 

[0175] OS 3#CDx V>fcVi^fc\ittl^i)^ 

[0176] m'mm^%^m%t^tct><D9m 

20 fi*Wdbx. Wd b ytt^>C©J:^tc9Ber*. 

[0177] XfiK^J'^^Wd b x . YfiX^^^Wd b y , Z 
fiS^*S0©^:? ^;^?:Wd b iT'Si. SCSW'^^ h-'l' 
Wd biMdmd©F«3««:?CorC»4. fitoT. Mdm 
d^^i> h Jl/Wd b:^lSjRS^3-t^©a;3^fiS^CC^igL> 

b ©:*:# 3 C /c ©*^ 3 <fc o r 6 n S M 
dmd d b VCft^iS^S. 
[0178] C©lS-^©Mdmd d b v?r02 3tC7n 

30 )S;'3*->>h©Wdb:&|aiRS^?r$iJiSi-r5:7^-K>'N' 
•:'f$IJ«D?ft=£«)!S-r-5C<!:«lSlft-r^., •bU. Wdb:& 

fe*^J6as;'3*- ^ > h ©w d b :&r*a^^«^ 
[0179] se-oT. murm^^m^utcm-^icit. 

Wd b:^riSl€:-^i' h^bV^lDjCC— iSc3-«+^*\ ^tcittj: 

>hMdmd©Wd b:^[6jfiS;^?r, §S¥1i«ftCCffl6 

WdbtV©i^S3Wl{C)^j:5J:^{cl9:5e-rS. — SB*S 
S¥ffl^ft{Cffl6-l+/ct^^c6«. Wd biV©l*3S*si 
«fc 0 /hS < i^c ^ J: ^5 CC^S-r ^. 
[0180] tC-S-C. S^OltliiAm^iS^iCtt. S 

Wd b x?:;^*es{)«:^TS, Wd b;^lSl<b--^i' h 

so [0 1 8 1 ] jaSJWffl^ft^^SPCcoc^-cMtci^ift-rs 
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*) . nmmm.n e d b v«s7nojtti< mmm. 

[0 1 8 2 ] S24^#MOr|ji?g-r-S<!:. 1 S 

^J^iS^^'Cs^Q 1 l<C{m-t^ F 1 a c t <!: @«^2 S* 
mfZact = PQ3.*Flact + PQ2*F2act 

c c r , p Q I mh^Jfi p . i^**'Q 1 ©'< h ^u. p 

Q 2 P . i^^MQl 2(J>^^V JU-C$) ^. 58 

Mflf2act = PQrL*Flact + PQ2*F2act+ Mlact+ M2act 
^ 1 2 a aii^)*jg*iti'll»**t> 0 Kfpffl-r 
^:^^-j<> hMn a c t^^Wr-SS^K^c-^rt^ 

Mflf2actv = Mflf2act • V 
[0 186]^^tC. Mf 1 f 2 a c t v?:P-.'N*^7^ 
-il'^JtCilL-CM flf2actvfilt ?rtt-S, 

[0187] M«!ffl«*-^> hv:?tr[fij;^^Md 

md d b v*Ji«ffl-7 ^ JU5?(CiiU -eti^Sr. Mf 1 f 
2act vf i 1 t*>6?«i;. (i^*-^>hV:^[SlRS 20 

^Ud i f f v?rt#^, 

[0 1 8 8 ] i^, ^;U^f»> Mdmdd b V7&^ 

[0189] >X«c. J5EWta«^Aj:i'<D^j^{cj;^MW 

6 ffdbv = - a *M(lndctov 

[0192] Sif^tC^XSCiC J: TMWIift^ e> d b V 
0 cfljv = Kdb * Mdiffv+ 0 ffdbv 

[0193] mnm.w-mfSinm&uvi'oi.^x^mri^ 
i, 02 5 «-e©tticr)m 1 m.^xmm.n^'S.mDmn^ 

«ll0 1y. m2S^X1i«ll0 2x, ll2M¥Yfflil 
fte 2y *>l^«{C^»-5, CC-C«|glS¥X1i(Sft0 

[0 19 4] miJE¥*S:^^-^>hXfiE^Ml ac 
t x?:a"/^•X7 ^ )i^^(,cm\^XM \ a c t f i 1 t x 
*f#S. lllS¥1iM*--^> hXfiS^Mdmd 1 x4 40 
^ ;U^fK:aL. -^n*. M 1 a c t f i 1 t x 

d^eilSD. ■(lM*-y>hMd iff! x?r}#-S,o MM 

mm.n^'&t'mw.. mm^v a )i'^kt.. Mdmdix*^ 

d fflx= - alx*Mchiddbv 

CC-Ca 1 x»^^or)^^-C*2)o 
[0198] ^|^{c;XS;(C J; l J£¥Xffl«ft e l 5K 

0 ix = Klx * Mdifflx+ e f fix 
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* ^l^mJl^^-^,Q 2 icfpffl-r -S F 2 a c t *i. 
j^t|3,C\'#iPOSto0tC^^3-|±i*-^> hMf 1 f 
2 a c t=&. ;X^{CJ:«)^«&5. 
[0 183] 

•••^12 
[0 184] 2©f^*3«3{C. 

• • • ^ 1 2 a 

★ [0185] i>J{C. M f 1 f 2 a c t ©'^i' h;UV:&|S] 
10 ^^>Mf 1 f 2 a c t v^ffta-rSo cn«v -^^7 

©F*3«?llSt?rfflt.^/c;xs:tcj;orf#6n^. i^a. 
^uv»iaai©»)fPiftB^(c*jc»ra 1 5(Cn^L/cV-c* 



• • -^13 

[0190] ^f*e<jcc», MPli«*-^> hv:^i6ifiK 

^Mdmddbvi ^Jf^fi <t ©Mfi^>&«-r^#3 > ^ 

<»: esig 2 ^w-mB.ti^'ii'^.Q^ 2 =kf^^m^o)mms. 

•?-n©«i14*)glSLfc^)©«:W)Wm^}f^liB« 
lie f f dbvi-rtrli^t^o 
[0191] MJ«l8H«^*iWtft 0 f f d b vW. &U 
W(c W^XStK J: «) 

• • -^14 

iE©<iCC^5ef -5. 

• • -SCI 5 

*sfe©-c*s, 

[0195] -^xic, mmm&n^&tmm, s.mmm 

i3S4fT^?s-r/c«)©^ 1 s¥x<i^j^ii(Rft 0 f f 

[ 0 1 9 6 ] fl:i*fl«jic». |gis^«*-^>hv:^ 

iSl^^Mdmd 1 xiSa^Siora^l^^-rtSfll^^^- 
^'^TVX^f'iU^rfflCV l|lS¥©^ftK**to, 

-en©ffii44]Stei-./c4>©4ii 1 S¥x*st8^tg«ft 
0 f f 1 X i-rnast*. 

[ 0 1 9 7 ] ^ 1 ^m-xwmMmm.n 0 f f i x»> 



• • sii 6 

5Kx?:fSSo CC-CK 1 x«©ia)y-Y>-C*»). C 
n4)iE©{ii{c|9:^^S, 

• - sei 7 

[0 1 9 9 ] 0 1 8CCKo-t|Ji?g^i^W-Si. mJEMm 

50 s^fig • «i$#msiJ«. mmm®.n 0 d b v. mis 
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xmmnezx. m2s.^Ym{n.ne2yicmrf%. m 

[0200] «i«i^ji5fi#asi5«. a^jE¥)*js*{c 

[0 20 1] mmmmmx<omiEmm&w-&.m. • 
©mm*. »ffl3n/c««09j5S4}T^m-rj:^K:: ^ lo 

[0202]«a|^«. a26 KlT^r J: ^ tstskm^msifi 

g • mmt. 0 2 7 {cHi^-c^-rfig • ^^Ki^isn 

^mS;*3«rSWT:^Ji5U/cit©fi[g • ^f^*^ 02 6 

20 

[0 20 3] Itt^l^mZ 2 ^S«5«1± 

t*3 4(D^0K:j:'>r*c.S.JIS¥{4g • mm(Dm^ 

[0 20 4] ±iB^mmtbxmioyu- -^^--v 

[ 0 2 0 5 ] 0 2 8 i,t-^<Dvm^^-r-v-^)i^~^> ' y 
a- • ^^f- h-c*s. 30 
[0 2 0 6] mm'S:^mi^-c^m-ri>t. ^fe-rs i o o 

(c*3t,irH«ieL//c'^i' h;i'V*;j<*, S i 0 2{cjt^■c 

^ieffl«i5»^^!^^0 2 0 tc^j^-r J: ^ L . m&.mM 
tr©cti6©fii«r**s. iKc>rs 1 0 4(cji*^,^ 

3 te J;C>'^4 tC J: o t:1i«^)*jS:^*-^ > h M d m d 
*MWffl«^-y> hMdmd d h v t&S.^mm^- 
^> hMdmdnx (y) (C^iaU. S106K:ji^-C 

@E]£<D/in< mmwfs.f^ 0 d b V ^^^it). s 1 0 8 (cji^ 

-C#S^^il«ft0nx (y) 

[0 2 0 7 ] ;Xl->r0 1 070- • 9^ + - h©S 3 etc 40 

ffiu. s 3 8 ^cjl^-c@«s¥^4s • mmi:mm.^ e d 

bv. 0nx (y) {CI&O-Cl^iEO, MKcn*^^^ 

[0208] ^xc^rs 4 0 CCjii?^, • ^^tts 

(fii) s4 2{cji^-cjlMgi^^^4^rS^}$n 

fcMgB^feti^ (fit) {c-t>--^$iJiaiL. S4 4«:3i^-c 

B$SlJ%AtMifL. S 1 4tCMo-C±tB©i!!.ffi«:S'3jI 50 
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To 

[0209] C©JII»©Jg®,»±ia<DAP< It^U/c© 

[0210] BP%. c:©ll*fi©}e^{c^-5i^a«. 5fecc 

¥5 - 3 0 5 5 8 4#<2^-C!i|gOfc£«=' >7'7 -r T 

til L . -en(ca-::Jl,^t: a«S¥^]S:^4''i:s*?r4>'C^tcS 
[0211] C©*gl&. m:^m.t>t^^^mW3i)^ 

«<^:^<^:^^•r-5.c<!:^c< , ^S(c$ii®]-rsc<b*ipit6 

ttj:-z>fc. j::*)=fm=S:'J>rj:<-r?>tcif>K.. ^^HKfcW 
[02 12]MtC«. DTK-;' bSCf'Pffl-rSI^K^]. Ja'O 

[0213] ;^:^eg)S:^*a'5^M*4/ci:f-CAd: 
[0 2 1 4 ] ^fc. «se»«ja7K^' h©«il^5S{b*iI® 

=^mmt>cmMx- # <t Jttc. wsc^tto v h ^ 
mi&m^=s:i&m-r?>cti)ix-^, m^^^ut^y hom 
tai±^ia«) . ^tf B#© X y X f > ?r RS±-r -set 

[0215] i[$ra^5 - 3 0 5 5 8 6^^mX'^ 
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[0216] 02 9«C©*BJ(C{SSffll5ii^«lP5l<u' h 

[0217] m2ommo)]imic^i>m^^itmts.m'?^ 

a = -M^PQ[L ©S3 *e dbv 
22 = m^PCd *e dbv 

A-r^. 10 

[ 0 2 1 8 ] i^. JE-©f&(D^^», H 1 ©IDIStOJ^ffii 

«i^b;fcc it?. ^ 1 <Dm^ommtmm¥k(D{m. 

[0219] S3 0 WC©^H^(cO^SWlS:i^S!lP'i<'-:' h 

mm-c3bi. sfc. 03 Hi. -e-os&f^^^-r. 01 0 

[0220] ^3©*)fe©jf^SIK:*it^-rii. H^J^S:^ 
*-y>h©ZfiK^ <ISi£«i**3«5fiS^5-) {c-S*-r-S3> 20 

miiBL/fcZ#$*5f)®WlEll£Jitt«c|aH-r^^S 

[022 1 ] |g3©IIJte©J^Ji{c*o-CW. ^©fcJ& 
tc. l^l©||j5fi©?f$g|fc0^.2>$|g©^»!Xtc. tfc^^^m 

[0 22 2] S3 0^#BSur|ftB^-r.5>i. II3©IIJS 
©Jgai(C^2>$|g(C*sCi-C«5fe-r, Ci'Kf h l©±f*2 
4©iil[fi[g(C3-U- H2>-tM 0 O^^W-Si^ 30 
(c. ■e©a:^i^j:i'*A:bO. ^«E©fi[g. 

jitf :^(S]*jss-r5 g B{4g • mm ■ -fi\^mM^ 1 0 2 
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tt. 01 60C7SLfc*Sccf^^. 02 9«:^-rj;^lc. 

ISit:?3l^(c/cW^lti$l+^J;'5K:Ofc, C©<!:#. ^1 

S¥lSit:*isj^«)az 1 t02S^Sit:&I^iJ^ttsz 2 



• • -5:1 8 
«f4-fe>-9-6 0©lU:^3{cS-:Ji,^-CStUi-r^, 

[0 22 3 ] sBfis • • -fj\^m^^ 1 0 2 «. e 
(cst-r'S^ia©«fl6fiig©ffl>pfeg43cfccx:&isi**»«, 

[0 22 4] 3 cn6©tf^K:«-:Jt. f'-^KU 

*5i8iatt(c5!tLr«< i^ip|B#©3-u- h^fflfiit* 

^l^fiiJ^O^i^ct^fiit^jr-SO-C. M«4-fe>-9-6 o©m:^ 
CCJ; o-C 3 - h^tilfii^tiiE-r€.©7!)5M$ L-C^. 
[0225] l|3©*IS©?^fiSCC<^5igg*03 1 V n 
- • ^--c- h?r#MLriftBJf ^<t. S10*>6S3 0 
*■Cjl^/d^. S 3 0 a(c*s(,»r. Ji5£3nfcadt"-> h 

i©Cigte<fcovs/c»:^ini©-rnK:s-:>*. jg-©m 

d m d z ^j}5Js65o 

[0 22 6] «T. 032 CC^n-rigSSCCfS-o-C^tf^^ 
-j<> h©ZR£^Mdmd z **8?)i*lJia)fl'J<b b-CiXS; 



*<i:^2.J:^«:L./i:, 3- u- H2>-«^ 1 0 0». osji 
h l©ZH*t>f3©3-U- h (lillEftjSa) (CJCEOJK 

Mchidz = -Kthzflerrz- Kwz (dSerrz / dt)- Khzh 

• • -SCI 9 

CC-C. e e r r z W:&[^i]©■rn. deerrz/dt JS:»3*-^> h©f-^fii*i»^0|SW^a^. 

«-e©i^m»^fii. h»iBiK*>6©«i-rn-c*s. P0 

(CSerrz. h?:7j^-r<, C©0©t*®t?». 0errz, 
hWiE-Cab-5. Kthz, Kw z *5j;i>*K h z » 40 

[0227] BfiiBb/cJp< . nd< f H *s0tf LTC^-S 
1 1 , S¥©«*ati« 3 2 3 4 ©4a onj* 

ttiPJl<5» H©iSil:l4**5'3©«tt;'3*->> hfcj: 
•:.-c. ±<*2 4*i|&ii:«i3;t>«jtci5Hte!)i«j-r*, cn?: 

Ztt$*D«9@WIeI«tgSii<i:i^^, c©Sgatitcj;-,r. H 
[0228] ±iajg«»©liilii*«ja:^(c^c5 i . HS^^ 50 



Zlilia;t>«3H«I5]|^SJl^r}flI*IJ-rS/cl^-C«>. 
[0 2 2 9 ] 1^. ^(CZW*t)0HW|51fe»tt^fflI*IJ-r 

s/ct:f e.{f , 3- u- h ©rn c^isjt* n©B#rBTtiS55- 

fit) /£W3i^6fflm:^)*S;'3*->>h©Zfi£^Mdmd 
z=&^-rn«a(<>. BPi^. ^1 9tCte(,i-C. KwzJJl 

[02301 * /c. ii3©^©jgm*jt»r». 
mm-mc\%. ii^ms:'3<t^s^«s:^©z#sfeo 
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[0 23 1 ] ^<Di^^ijm:m^imic. iijnsnsBb 
[0 23 2] ±im.tit^&w-mm:h<ozmit>K>^- 

i^cojs^p) tmjEsm^&^^mKtj'p-c.^M oi 6©q 

[023 3] 1 ) i&iESUm 1 S^J*)S:'5«'l:^#. (H 1 

P) ^|51iK«'G»K:, Ztt$t)OK:. «)?.lHlteft0 d b z 
/cW[5IliS#S(l (rotete) "TS. ^i!;L/d^©**Q 1" 

[0234] I^filiC. @^||2S¥mJS;'3i}''Cv>^. (0 1 

/cWliiei^tt (rotete) -TS. ^ttb/d^O-^.^rQ 2 " 

[0235] >&^.*SQ 1 * i^**;5Q 1 " ©'^5' h ^U*-^ 
i'hiUQT Ql" ifSo PIUIK:. >&**5Q2" *^.>S 
*SQ2" ©^i' hJU^-^i' |-^UQ2' Q2" if-S, m 

3 3 iC±**i6a/cQ 1 " i Q 2 " €:^-r. 

[0236] 3 ) miEm^m 1 jE^«r. a5i&»^^-r 
(c. h>i'Q 1 ' Q 1 " fn-fw-^mwssa^, 

2' Q2" /cwwfi^«i$-tts. ^mA(omiEmm&B 

[0 23 7] 4 ) 3 ) vmhtitcmiE^^m i js 
¥*Qr* **'Wc. mmyif^tA izm) tt>'o'fcm^ 
ne 1 z/cwiiiiss-a-s. pasitc. s) -cffen/cisiE 

@«m2S¥4Q2" 5:*.CxK:, $Se:?3l6]$ill (Z«) s 

4 {c*i^-c^-r . 

[0238] i-u.±.<Dmimim*m:K-cmiinit. mm. 
[0 23 9]#tti) z^ti:><ommmmnd dhztc 
©i^, <iiiE@«&js¥ii»s:^*'i:>,'^,$fc)t5©ii#a 

[0 24 0]!^142) »rtS¥Zffl®ft/ctf*ai{'PLr 
'0*CCf'Pffl-r*Sl^nJS¥)*S*©*-^ > h©Zf4^ 
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^/cw*i^{b u . -e©flfe©J*iS;^;fi5c^»^i> L/ 0*^^^b L 
[0 24 1 ] #143 ) mmmmp^ed h z , sa^px^i 

(Kft. SJ£¥Y^«ft. Zlili*t5OMIWfflffift0dbz 
feJcO'SaVZtifRft^lsiBticaiC^-r-Si. ^£¥et$ 

[0 24 2]#ttifcJ;O'#tt2«> cne)©Sf'PK:J4 
AH4*i* sct^T^L. #^3 li^r ©Mlf^«ciggjf5tt*s 

[0 243] &L±<Dmma6i-f ^zmit><onmmm.n 

0dbz*jj:O'SS¥Zti«ft?:, 1«^3>7-7'fT> 
;^«if'f^SSPK:tei,»-cWT©J: ^ (tCik^r?>. 

[ 0 2 4 4 ] a 3 5 icm3(DmM<DBm<Dm-^=' 

> h Z *!S#?i««lf'^^gP 1 0 4 5:il»P 1/ fc. 03 6 
(C-e©*-^^ h ZJdJ^SSbfP^SPl 0 4©»!Ne€: 

iSf. WT. c©iiftngi5^3-**'WcgiH^-r?.. 

[0 24 5] 03 6k:^-rSP<. C©ZfiK^5-ffl«-t--^ 

>h^a5i 0 4«:fct,>r«. h 

^^S2S©ffi;'3*>e.. .SW?i«*-^> bMdmd d.b© 
ZfSu^Mdmd b z tSS^Iim^-y > hMdmd 1 
z. Mdmd2 z^r^^-r^iftCC, H&S^lSSj'j <!: 
^Snfc*iim*-^>hZR£^ (Mdmddbz. M 
dradnz) tjit'Uph, ZiiS WWffliSft 0 d b 

z, ^is¥zt«««0 1 z*sj:zjfm2s.^zmmnd 

Zz^mM-ti,, (c*iW03 8 7Ci-- ^ + -h-CS 

3 4 a©^a{ctB^-rs) , 

[0246] l^iES«S¥14g«^tHgi5t?». Ztti 

t><ommmaLn*sJi:zjf&s.^zmm^h^ibx. i^jEs. 

[0247] WTtCiIttIteS©i*iffl*IJiW-r -5. 
[ 0 2 4 8 ] 0 3 7 4#ML-Cffl«^)*Jg:*J*-^ > h 
©^ieccotJ-cSi^^f 'Si. 

ffiSr«. > hMdmd©Zfi£:^M 

dmdz?r, > h Md m d d b©ZfiKi> 

Mdmddbz. HI S¥««^-y > hMdm d 1 © 
ZfiS^Mdmdlz. lg2S¥ffl«*-^ > HMdmd 

2©z(!S^Md md 2 z . dc^^-rumminmasn 

[0 24 9] i^a. FIIWI1««*--^>^©Zfi^^>Mdmd 
. dbz«. MWU««ft0d bz^SICP-rSCiJCjco-C 

Z M P ) $ *D f5 {C&S¥)35S 
;'3©;^3fi£^Fn ac t AH^S*-^ > h©ZfiX:S-©B^ 

[ 0 2 5 0 ] mi > h ©ZfiK5>M 

dmd 1 zit. mis-^mne i z^a^f^-r^ctjc 

> h ZfS.^ (0 3 4 (CM 1 -C^^) V$>i,, P)« 
50 {C. ||2S^«*-^> K©Z^Mdmd2«. W 
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Mdnddbz =WclbzX Mckndz 
Mdndlz =W12 X Mdndz 
MdmcEz =VCz X Mdmdz 

CCT. Wdb z. Wl z. W2 z{3:^tfB#©^gHffla 58 
^^^■C*S. -g-CD^ififfla^^lSWd b z . W 1 z . 

[02 52] mMj^, 1 ) l^iaifflfRft iSS^ffl^ftj&s^ 

[02 53] &M!^.2 ) zai$*D«3MWlffl«ft*JJ:0'S 
S¥ Z fflffift ^Sf'p-r * c i {c 4: o r%^-r ?>^)PRJS;^; 

h©Zfi£^Mdmd zK:ifiC^«BK:^t^J:^tc. :9'iBffl«58 
VWbz+ W1Z+ W2z= 1 

1^. *^?fB#-C«. S;2 1 cD£2*n {ci5l:f n«+;3--c* 

[0256 ] mMsks ) mms.w-:hmmr^m!^.vzm 

[02 57] 4 ) jS)aiS¥*5«tfe-r •SB#..^,-C'e<D 

S¥©Zffl«^*5Q-e^cCii:, ^W-mm^titmUH^ 30 

«ft ffl©^iBfflai?^^i^w 1 z 0 tc u > m 2 ^mm 

[0 2 58] */c, zmitM'mmmm.ne dh z<D^ 
mmi)mm^tii>. z#s*3 0MW««ft e d b z 

MWIifilft 0 d b V i igii©T>>U =f 'J XAK J: -:, -C 

3{p6Z:^r6jtc^t)-3/c/ct:r-C*.5.o fi£oT, ZttS^^O 40 
MPJi«ft0dbz?r^-r.2>JJiS©-=^P^'i'0». H 
2 4 ©V «: Z «:S*fe^5 C t K J: o r»S C i *«-Cff 

[0 25 9] 3e>K:« ^lS^»a««0 1 z. m2S^ 
ffi^fte 2 z©^5eA!ia*«ii»D3n€., ^nS¥Zffl« 

ne n z Hi js^xiimft e i x«:^i*.5r ;i/=f >; 

XAi|5l^BI©T;l'^';XA{Cj;o-C^i!!>S6n.S. jtc» 
tt. Xj&izcc, l*in{C^t>-5fc/cW-r*S. SEor. 
UnS^Ziifilften z*a«et-5«!ia©:^P f i'S 
tt. H2 5©X«rZ«:. 1 ^nCcatfe^SCiJCj:-? 50 



0 3 l©S3 4ar?ft)nS5a 
13 9©S20 0^fC^L/S20 6 
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(0 3 4«:M2-CS^-r) •Chi>. 

[025 1 ] »iB«> 'XiC?:fflt.»-Ctf ^. 



• • -^2 0 

Pi-^mJd b z . w 1 z . W2 z ^mM-t^. . 

[0 254 ] i[t5:Bf%£©J:^«:. 
©ZfiX^Mdmd d b z> > h ZtS^ 

Mdmdlz. Mdmd2z 4,S>J|{C jl^JS^I^Jg^iC 

•s, in%> mm^m.t>^'\j-^, (@«zmp)s*d'9© 

*-y> hMdmd©Z^^tC— S5c§-lf€> (^sl-m 
[0255] 

■ ' -^2 1 

[0 260] ±fSL/fc, 
Bl©•t^^;^-g^>?^. E 

[0 26 1 ] ±faic:»-:Jl>t:. ttiEa«S¥&B^» 
m (03 1 7n- • g^-f- h©s 3 sccta^) (cfcc* 

z. His¥xti«ft0 1 X. miS:W-Ymmnd i 

y. HlS¥Zl«{tft6l 1 z. l»2S^Xffl«ft6l2 
X. 02S¥YJi«ft9 2y. H2S¥Zffl«fte2z 

(c»-?t. fr^©zfA$t)»)fflfliittif'P^ii*nbfcis^3 

> ■7- ^ ^' T > ;^ «jf^®S^(4g^^ftIE^S(CtS T a 
[0262] »3 ©*J!ig©ff5gi«±ia©iiP < > ^^^JS 

SiicceH-r^|ISS^«S:'3*-^> h©Z)!£^©«l!j 

[0263] 3 6ic». 032 icmLtcmsmmpmfs: 

[0 264] d^. H3©IISS©?^)SK:*jI»T. H-U- 
h H2>-t^- 10 0. @B{4g • «^ • lof^mm^ 1 0 2 

h©ZfiS^>Mdmd z*^S/c»'€'©jfill 
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[ 0 2 6 5 ] H U» 3 (DmM<OBf&Vit±n<Oiai 

H®(io. 12. 1 4R (L) ) ^/rtriitesns 

iJt(C> ■?-<D5t^CC||2©Wg5 (18. 2 0R (L) ) 
*/M/rjft!sS3nSSSiJ <JS¥2 2R (L) ) 
^«^* (2*) ©was (ttSilU>^'2) 

S 1 0 S 2 2 ) . B?ri2*RS3tifc^ 

( e«j*jS:^»iBS. s 2 4 . s 2 6 ) . Buie 

3S*)S;t»«ia^ia ( 6 -fe > -!»• 4 4 . m^m.w-m^tj 20 
*^mg> s 3 2 ) . H(ria^^tHsnfcii)*jg:^j*imrfa»:ai 

h (IIISnS¥«g^J*--^> hMa c t X. y. z) 

orfiiiesgp^iiies-ii-^iiiKS (MWSdfte d b 

V. z. llnH¥«(Rft0 nx. y. z) 

S 3 2*^68 3 4. S34a. MWItSftft^SgP. 

S*ffl«fti^^gP. S 1 0 0 A^e. S 1 0 8 *5 cfcO'S 2 0 

0 *^ 6 S 2 0 6 ) « B«ia9t5e3 n/cSaSHlKMicSrJti 30 

■cmiejsgiJofigfc J; yf/* /c w^*i@|g-r ^ J; ^ (c 

a . s 4 0 , mjEmm&w-ns: • ^©wap) . fcj: 

KD^lteJ:i>'ll2CDMg5 ( 1 0. 12, 14. 1 
8. 2 0R (L) ) ^^<43-a-*M«5^{4*m (tiy^y 

P-^. S40. S4 2) *li;^Sj:'5K^tSL/fc<, 
[0 26 6] Sfc. ii>Aj:< t^>a^ (±ft2 4) t. S5 40 

^mi^icmiomm (10. 12. i4r<l))*^ 

urajfesn^st^cc. ^(o^i^t^mzomm (is. 

2OR (L) ) ^r/M^Til^Sn^SgC (S^2 2R 
(L) ) 5rM^fc1g|^* (2*) ©Wgp ()WlSI5';>i' 
2) 75>6^c-5WiCi^fifta5ffry h 1 (DSfll^a(c*jt,>r. 

Hf|iaad<-i. KDii>^e< t<bH?rtaSSP<DS«{4g*5J:(y^^ 

(Bg^^JS;^. SS^^S;'3cf'C\-i?. ( = @ 
i^.ZMP )} ^prj:< ti> ^t? miaa ^ h ©^^^^ so 
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is-r-s*^^*® (^satfixs. s 1 o*^e.s 2 
2) . m9i^^*xtci^m(0±mmi^m^&^<0^n 
^nfc^ie u i t <D B5iaj£g|5±©f'pffl 4^ 'Cs^sfc ^ e « 

s 2 4 ) , miEssnici'^m-rimms.t) im&s.^ms. 

IISS¥)^S:'3eiWS. s 3 2 ) . pri<,t hmimm 

(MWWmftedbv, z. »na^ffl«ft0nx. 

y. z) *i?iS-rSSg|5I5IlES9iS^I2 («^='>7-^ 
•YT>;?;itl('P^SS|5, S32. S34. S34a.MWl 

*s«ft9i5esi5. mn^wmfSinm^^. s i o ojtpes 

1 0 8*Jcfc?>*S 2 0 03!»>'E>S2 0 6) . fiia^iSSnfc 
T ^Xtti'Pi^Sgp, S 3 8 . S 4 0 . mEMU 

s^fiis • ^^mwaj) . fciiy^HoiaiEiEstifcaspo 

{4g • ^^«ca-^(,>-CHUiaDd< -y KDII 1 *JJ;0'II2(D 
KiBdO. 12. 14. 18. 20R(L)) 

4i;yt.mnm . ^Ci3>hn-^. S4 2) 

[ 0 2 6 7 ] * fc. Miasscfiig • ^imjL^mt. m 
s^S3nfcssi5iaisa{cs-:Jt,»rwfiassu<Dfii[a*jJ: 

[026813 mflBP'l^ f KC|S5R(Cf^ffl-rS^ 

RLact +-PQ2 *F2act +Mlact +M2act). t-fditMlZU 

Flact +PQ2 *F2act +Mlact +M2act ) 1yf^Mt^&^ 
fiCV^m-ti>BS.t>'i:-'^l^V (Mlact +M2act)*?iSL0 
r?i/t^r-^> h(Mflf2act=PQl *Fiact + 
FQ2 *F2act ) ©l»^n*»*@ttJ L/. 'p1i< i femf^ff 

asn/c*-^ > hicj&D-cMiaasp*^sij3if^^tt 

S ( 0 d b V. z ) ?:9t«r-2.SgP^S6fi^^*^ (tt 
^3>:/7'fT>;^«)f'^3eSI5. S34. S34a. M 
Wffl^ft^SSB. 3 100*^65 1 0 8, 8 20 0*^6 

8 2 0 6) ^fiB^. HMfessp&s • mmi^iE^mt, m 
a-:ji,>rflirfasai5©{4a*Jiuf/* 3t«^^=&»iE^ s 
[0 2 6 9 ] sfc. 8?rte^)aiiS;'3cpa«>'^'^->«:i^J)n 

Mdmd) *^it>. BUiBSSi5|5Ilifii?iS^I5:*}J:0'/S 
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*i J: Vf/itcimmM^^r S(S34. S34a, 
S 1 00*»e>S 1 0 8. S20 0*>6S2 0 6) Sp<«} 

1 0 2 7 0 ] mu^mimmis.±ms:h't-^ 

'J>tJ:< t4>HliiSPd<y KD«#1SM (0 e r r 
X, y) (ca^t^tr^feS (S2 8. S3 0a>im<^ 

[0 2 7 1 ] mt&^9mmim(n±m^'e-ji 

> h*. ^^c< <b*>BufBa;i^"? KD3-U- h (0 e r 
rz. da e r r z/d t) {ca-:Jt^-CjJc«t)S (S2 
8. S3 0 a) Jz'^icmf&hfc. 

[0 27 2] Sfc, Huiasi^^Sfbffl«^)*S:'3*-^ 

m^K^XJSitb?> ( S 2 8 . S 3 0 a ) ftP< «gSUfc. 

[0 27 3] itc. mfEmm^n<tmm±m^tj't~j< 

>h (1«{K^)*jS^Mdind) ©cf©§fS©fiS^ (Md 
mdz) =&^Sfc»«®a€^tct9:^T-5J:'5fc«fiSl/ 

[0 27 5] sfc. t«iasa5iHitKS?^S¥e*jj:o*/s 
/cttiriassi5i^«)S9iS^®». ««riasi^ss{t««^ 

'^^^-T'S <S3 4. S34a, 8 100*^^8 10 
8. 82 0 0*^68 2 0 6) AP<^t^L'/c. 
[0 27 6] */c. iJ>^C< <!:«>»^ <±<*2 4) m 
taa^tcl^ 1 ©BHIiJ ( 1 0 . 12. 14R(L))€:/^ 
6-Cjlte5n.2.<»:^t{c, -&<D5t^(C02©Mgil (18. 
2 OR (L) ) */M/raM$n*Sg|5 (JS¥2 2R 

(L) ) ^m^tcmm^ (2*) ©was (wg|j'j>i' 
^4^tfattiM-^-> (@^±«:ag-^i^. a^s^ 

(=SSZMP) ) A>e>^C^HffiBPjKf KD*^?r*RR 
•rS^S^JiS*© (^^§£Sm. 810*^ 6822. 8 

2 4) . Wiap^y v(o^mi:'&\t<otcii>(Dm^±mK 

(?««^mS;tlMdmd) *©mT^^^^^fl:«« 
^S^»W#© (^^5£{l:*iJ«ai^»SB. 8 3 0. S 

3 0 a) . mtz^ui^i'^mt^m^ixts (n&s^^s 
;ti) ^^mt^^^mmimi^^ (6fiii;»5-fe>-y-4 
4, 8 3 2) . fuiees^^g© 

(a«i*lS:*)^iffig. S3 4. S34a. S 1 0 0*>6 
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8 1 04. 82 0 0*^68 2 0 2) V Baia^iBSnAiS 

iS:^tca-:Jc>-CBirias«^^(DSSP©(4g*j<tj>vs /c 
9iSgp. 836*^ 6838. «(aftSiSgiJ. mm^& 
Ao<^iE@«j£¥aM«^#a3a5) . fc^to-mriaiSiEs 

n/c@^Sa5(4S*i J: !>'^^«:S-:5t,>t:H?ieP'P yh(0 
mi*JJ;D^I^2©MgJi (1 0. 12. 14. 18. 2 0 

R (L) ) ^^&.mmri>9^B^mm^m (UTr^yy- 
8 4 0. SA2) ^m^i>iia<mis.Ltc. 

[0 27 7] Sfc. mfB^SiE^®». B!riaP5j<'v hOsS 

^^(cs-^c^-CBuiass*if©sa5©{ag*jj:o'/s 

[ 0 2 7 8 ] i^a. iiai/fcH 1 ifSt^ LII3 <D||li©0.« 
0 1 7 (C^n L/C <fc ^ tj: Bm&S:W-mRtl^'C\'^.<D{Kt:> K> 

[0 27 9] ^(DrnM^mm^i-Tfimmr?). mw-m 

fflttJt^iKii-S*^. «^K:J:-:.-C«. S^?:I51lK3-t*-C 

30 [0 28 0] ^ffil) 

[028 1 ] ^ffi2 ) i®S0ri»€)SJK«ia^i^®ffia 
40 [ 0 2 8 2 ] ^^3 ) JI&S¥«jS^*^6*SS¥)3iJS 
[ 0 2 8 3 ] #^4 ) 1 *^6 3 K^tf /c&aiHl^cti 

[ 0 2 8 4 ] f^. ±iB«:*it^t:. ^mmmmmoEJj^ 

50 [ 0 2 8 5 ] S/c. ±taO/cll 1 on 3 ©IIJfe©Jf5 
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2 1 4 2 6 0^-CtilgLfc±^S2^S*;ffi?rfflt,>-CII 

[0286] sss^iis • '^mmm^MncmJEr ^ 

[0 28 7] Sfc. ±fBL?tlSl ^Ct»Um3©||^6©J^ 

MW1i«ft 0 d b v*j 0 n x. 0 

n y ^lijET •& C i (C J: -3 -CfT^tS-ttimi.^. 
[028 83 *f*;fl«jcc«. ^j>J©J: ^{C. ±«c<D«|iHl^ 
©Xfi£^0 e r r x> Y(S:^0 err ytmii-^i' h-'V 

•cmi^ntcmmmtKn 0 d b v cc. ;xs©a 0 d b v ^ 

A 0 dbv = -(0 errx • Vx + 0 errv * W ) 

[02 89] mx^<D&s.w-mmn^^iiv»^ixtcm 

ne 1 x> m2S^xffl«ft0 2 xt-r-s. 
[0290] mmic^&^mmn^yimvmf^ritcm 

lJS¥Yli«ft0 1 y. »2S^Y*iflUII0 2y*>e.-e 

4l-en0e r r y *?K^/c^>©*^a6rl3 1 STY«« 

^0 1 y. mzs-W-Ymmne 2 yt-r^., i^a. 

PSIWti^^Jf^®^ 0 f f db v»«-C4>^l^. EP^. 

[0 292] S fc, ±fa L Alls 1 ncl^ on 3 ©^M©Jf5 
Sg{c*ii»r, *iJffli5miS*l«<-r-5'iJ>S*i^ft.»ti^K:}i. 
Ill S¥Xti^^?i«ft 0 f f 1 x»^-C4>m». BP 
^. «fi»^J^(R«©S»%«ISL-Cfcmc>. 

[0293] */c. ±iBO/c» 1 ^fC^L/ll3©3lfig©ff$ 

siKfco-c. ^iefflfi*5^^^«a«i^s©f 5 

l^©)*®t^M*i L/ ^ ^J^ffl <!: < ^ 

©itj)ns*iMd md {csj'^rA* < ■rmm^i)i$>?>. 

[0294] ^WU&t»J6|cMtt»JC!^{t«:jFfr-Sa-'N*X 
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[0 295] t.tc. m^&w-m^t)ti^(^^w-<Dmimm 

{a**Ttf-C*-y>l-©^^«:«l*iJ-r€)!&t'. 

^w-m^tn^nm. L -c jss^^ieffla*^i»©«i*^^ -c 

[0296] * /c. ±faO/cll 1 ^Ct>L'lg3©*ife©Jg 
■5/cWCSrag5^ia4f#'5J:^K:0fc, cn6©^© 

mmxitmifi$>i>tfi. mB<Dms<ic^-yXktmt^mifi^ 

[0 29 7] ^(Dttit, ±ft{ag • ^^«:>tt-rsj£^ 

■7h'jy 9:^<Dmxmm-r?>m-\'::it:r>'^tcitmmm 

i'zifTv^rffliv mjmic^mB^&.inxi>!^i,\ 

[0 29 8] */c. ±ieo/cm I fjn,^ bm3<Dmm(Dm 

,«K:*jt,»-C. «*a«*83 2 (fcJ:0'JSlSif14<*3 4) e 

#«C©»?g©*Sa5^-C»?Ct>, C©^W©2f:ft»7 

[0299] ±taUft:» 1 J&t^ bm3<Dmm<DB 
30 [ 0 3 0 0 ] * /c. ±fai//cl| 1 ^£t,i 3 <D-mi(Dm 

ic^isb. ^nA5^Kffi±©&-5.>^jcf'pffl-r2>*-^> h- 

iSii:fA**?«3©^:»'5rl^l^r^-C*^ii6«. ■€■© 
[030 1 ] $/c. 5fi:m8HAt3:« #g§¥5 - 3 3 7 8 4 

9 n^Himc > r , s^^)*Jg:^4''i:^'^.* ^© * * <,c > 

df - >© Z M P i S^^J*J5^*/C\i*«:-rn«r* C 5 If 
SCttCfcor. ^^©ffi^?:«K:$-ti?.*ffi*ffi^L 
•Clr^-S. -5-©#a5rfitffl-r'5*g^«:W. g«^)3$JS:tJ« 
'C^*». B^ZMPtC— SjCl/Jkt^. 
[0302] */c> C©«IB«:2S*tfasK'^ hCCMl^ 

[0303] 

[ffe?^©jajm] i»*ili3icc&'>r». PS:^!ltrPd<-7 

50 h(>cr^m-ri>mmj]^. ^g&«r^DsciJtc<. 
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[0304] m%. izmfjrj:'^i^i0^m^tctifvrj:< . 

[ 0 3 0 5 ] $ /C. W^i^lftn sff 5; h (D^^^^ft*!]® 10 

[0 30 6] g»3j?:^2WS)-5-C«, i«*:Si:^t|3iai 
[0 30 7] if*^3]a«:*-:irw. ii*^i:^<i:l^fll 

i^K.pm-r^Ciii)i-Cti>. 20 
[0 30 8 ] iff5}<S4 31{C*-:>r». »*^lJl<h|S|tt 

[0 30 9 J g»*]B5«{C*r>rW. W^^l^il^fil 

[0310] it*:S63S(c*-r>-Ctt. mfBL/fci|5l«l© 

[0311] iS*JB7Wc*-o-ni. MiaO/tiPlfil© 30 

[0312] i»*^8^(c*-5rw. wmi'fctm^o 

[0313] iS*^9«{C*-o-C«. wriaO/ciPI^© 40 

©?iss -cRSiTs c <!:3!)5-c# . ^©;ei*-c^^ss{fc 

[0314] 1 O^ltC&oTW, frffiUfcil^fil 

m%fms^^n^ c i *5r # ^ i *(;c. a =i< h ccf'pffl 

[0315] if^^i i^{ca>ot:«. mu{^fct^m 
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[0316] 1 2:«(c$>oT«, il*JS 1 ^a^ci" 
<f:l5lfil©{^ffl5a**#-5Ci*irt^.ift{C. £SP©1S 
iES*— JlJS^tcE^f SC:i*«-CtS©-C. ^^5£ 
{b©)^c*©J: •).:'c*&a7c:^3<!; J: ►jm^gMitt^ffS c 

[0317] i»*^i 3]S«c*or». W*31i zmt. 

[^ 1 ] C©fgB^CC^-2>lfilSS^«)ajK"-' h©$IIfflli^?r 

[02] a 1 tcn^-r 2 s^^f CI # h ©siH5©^jS*^ 

[03 ] 12 1 {C7r-r2S^tfa;K-:; h ©tO® •» h© 
[04] c©»?«{c^-5>IWia?^StinjK^7 h©^'i5PSIS© 

[0 5 ] 0 1 tcmrm^wio^^ V h i3^^m^m7ri 

[06] 05©«S!^''^*^f->«:J^^t.■r•5B«^)*JK^t^ 
'Cs-S (@:gZMP) «lBJ©S5ffl±«U»=Srn^-rSfi?30-C* 

[07] 05 ©«!&/>• d»->{c*tj£;-r 4 B^^)*S^«t> 

[0 8] 0 5©al^6>'^•^->«:^t[c;•r-5§TSo^ft^^r^s 

[0 9] 0 5 ©®S^^>'^■ if->«:>Ftit;-r-S§fS©^ff=*?^ 
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